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(54) Method and arrangement for attenuating mechanical resonance in a loudspeaker 



(57) The present invention concerns the reduction 
of vibrations of a loudspeaker enclosure caused by the 
mechanical vibrations of the dynamic loudspeaker ele- 
ment by virtue of attaching one or more additional mass- 
es to the loudspeaker driver unit using elastic and lossy 
means. The masses with their elastic attachments di- 
mensioned according to the present invention resonate 
at frequencies excited by the vibrations of the loud- 
speaker element at frequencies where the reduction of 
the amount of vibration is desired. The magnitude of vi- 
bration coupled to the enclosure of a loudspeaker mod- 
ified according to the present invention is significantly 
smaller than that of a conventional loudspeaker. Fur- 
thermore, it is technically and economically advanta- 
geous to implement the reduction of mechanical vibra- 
tions according to the present invention. 
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Description 

[0001] The invention relates to a method according to the preamble of claim 1 for attenuating mechanical resonance 
in a loudspeaker. 

[0002] The invention also concerns an arrangement tor attenuating the mechanical resonances of a loudspeaker. 
[0003] For about 50 years, it has been known in the art that mechanical resonances in a loudspeaker decrease the 
quality of emitted sound, and various methods have been devised to overcome the problem. A plurality of these draw 
upon elastically mounting the loudspeaker element to the enclosure, thus attenuating the transmission of vibrations to 
the enclosure. However, such structures proposed in many different embodiments are difficult to implement, expensive 
to produce and require the design and manufacture of nonstandard means of mounting the loudspeaker element. 
[0004] Thomasen [1] and [5] have patented a vibration damper suitable for attachment to the enclosure wall, with 
the aim of reducing vibrations in enclosure walls. Because this method does not attempt to reduce the exciting vibration 
at its source, but rather, the secondary effects of wall motion, it fails to provide an effective approach to control vibration. 
Furthermore, it is a general object in the art to control vibrations over a wide bandwidth, whereby it can be shown that 
the disclosed embodiment is incapable within the constraints of practicable designs and materials to combine wide- 
band operation with high efficiency. 

[0005] Akroyd [2] presents a construction wherein a tube made of an elastic material couples mechanically the dy- 
namic loudspeaker element to the enclosure wall. This arrangement aims to support the frame of the loudspeaker 
element to reduce vibrations. At the same time, the tube acts as an acoustical resonant structure. While providing 
mechanical support, the structure fails to act as an efficient attenuator of enclosure resonances. The invention claims 
that this mechanical coupling achieves cancellation of vibrations, and thereby a reduction thereof. It Is known that as 
the stiffness of materia! can be increased, e.g., by additional supporting, the eigenfrequencies of characteristic reso- 
nances increase, but the resonances are not removed unless the frictional losses of the structure that cause attenuation 
of resonances cannot be simultaneously increased. In fact, if the driver unit a dynamic loudspeaker element is coupled 
mechanically to the rear wall of an enclosure, the amount of mechanical vibrations in the externa! walls of the loud- 
speaker enclosure are actually likely to increase rather than to decrease, because this construction actually enhances 
the mechanical coupling of vibrations at most frequencies, instead of reducing the coupling. However, one effect of 
the additional mechanical support is to move the eigenfrequencies of mechanical resonances to higher frequencies. 
[0006] Tanaka [3] presents a construction where the driver unit of a dynamic loudspeaker element is fixed to some 
external part of the loudspeaker enclosure other than its front wall Additionally, there is provided an elastic means of 
fixing the frame of the loudspeaker element to the loudspeaker enclosure. The comments expressed about reference 
[2] apply equally well to this invention, because again there is provided a construction wherein the loudspeaker driver 
unit is mechanically attached to the enclosure using means having low mechanical losses, although herein the fixing 
point is not on the front of the enclosure. Because vibrations that are coupled to the enclosure walls normally occur 
on all walls of the enclosure, this Invention will not lead to a good end result. No matter to which wall the driver unit of 
the loudspeaker element has been attached, mechanical vibrations will appear in all walls of the enclosure, and the 
transmission of mechanical energy to the enclosure becomes particularly efficient at a frequency where the mechanical 
elasticity of the attachment means and the mass of the loudspeaker element will resonate. Therefore, the invention 
cannot generally reduce the coupling of vibrations to the enclosure, although it may marginally reduce vibrations that 
are coupled to the front wall of the enclosure. 

[0007] The invention disclosed by Favali [4] presents a loudspeaker enclosure with a construction that aims to at- 
tenuate mechanical vibrations by using plates made of an elastomer that bond together the walls of the enclosure and 
attach the loudspeaker element to the enclosure. The goat herein is to create shear forces into the elastomer that 
serves to convert mechanical energy into heat by internal friction in the material. This invention does not attempt to 
reduce the tendency of the loudspeaker element to cause mechanical vibrations. The structure is not efficient at res- 
onant frequencies whose maximum displacement does not occur at the elastomer joints because there is no acoustic 
energy loss at these frequencies in the elastomer material. 

[0008] It is typical of the prior-art solutions [1-5] that there is no attempt to control the mechanical vibration at its 
source, i.e., at the loudspeaker element, but rather they pursue to affect the secondary vibrations in the loudspeaker 
enclosure. 

[0009] The present invention differs from the prior art in that it is a particular object of the invention to attenuate the 
mechanical vibration of the loudspeaker element driver unit, thereby making It unnecessary to attenuate vibrations in 
the enclosure structures. In this way, the present invention is different from and already basically superior to conven- 
tional constructions. 

[0010] The goal of the invention is attained by elastically attaching at least one additional mass to the magnet circuit 
of the loudspeaker, with the masses chosen such that the eigenfrequencies of the system will typically coincide with 
the mechanical resonances of the loudspeaker. With this provision, the mechanical vibration energy produced by the 
magnet circuit tends to become transferred to the additional masses as a vibration of the additional masses, thus 
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allowing the elastic coupling elements to absorb this energy by the frictional losses of the material. Typically, the total 
additional mass is chosen to be of the same order of magnitude the mass of the magnet circuit. The masses may 
also differ by their order of magnitude from the mass of the magnet circuit. 

[0011] More specifically, the method according to the invention is characterized by what is stated in the characterizing 
5 part of claim 1 . 

[0012] Furthermore, the arrangement according to the invention is characterized by what is stated in the character- 
izing part of claim 6. 

[0013] The invention offers substantial benefits. 

[0014] Control of resonance attenuation by the virtue of the present method is cheaper to implement than by using 
fO the prior-art techniques, because it is not necessary to modify the good and well-proven principles of loudspeaker 
construction in order to remove undesirable resonances. This is not possible if the loudspeaker element is attached 
to the enclosure using elastic means, if the magnet circuit is elastically attached to the frame of the loudspeaker element, 
or when using elastic structures in the loudspeaker enclosure. Furthermore, by a proper choice of the additional masses 
and the elasticity and losses in their attachment, it is possible to adjust theQ-value of the resonance peaks, the effective 
^5 frequency range of control and the amount of vibration reduction. 

[001 5] In the following, the invention will be described in more detail with reference to the exemplifying embodiments 
illustrated in the attached drawings in which 

Figure 1 shows a side view of a loudspeaker structure according to the invention using one elastically attached 
additional mass, 



Figure 2 shows a side view of a loudspeaker structure according to the present invention using one additional 
mass attached by several elastic attachments effectively connected in parallel; 

Figure 3 depicts a side view of a loudspeaker structure according to the invention using a number of elastically 
attached additional masses effectively connected in parallel; 

Figure 4 shows a side view of a loudspeaker structure according to the invention using a number of elastically 
attached additional masses effectively connected in a serial and a parallel fashion; and 

Figure 5 shows the parameters associated with the mechanical resonance and the corresponding electromechan- 
ical analogy of the embodiment of Figure 1 . 



[0016] Referring to Fig. 1. adynamic loudspeaker element shown therein includes a driver unit 6 that, under actuation 
35 by an electromagnetic force, displaces a radiating element 5, typically a cone. Typically, the driver unit is composed 
of a magnet circuit 7 and a voice coif (not shown) moving inside the air gap in the magnet circuit. Conventionally, the 
voice coil is glued to the air-displacing cone 5. In this way, the loudspeaker element comprises the mass of an air 
displacing mechanism 8 (i.e., the cone and voice coll) and the mass of the stationary part 7 (the magnet circuit) and 
the frame structure of the loudspeaker element 4. 

40 [0017] The cone-displacing driver unit comprising the magnet circuit and the voice coil moving in the air gap of the 

magnet circuit are attached to an external structure, typically the loudspeaker enclosure, by the perimeter 9 of the 
loudspeaker element frame 4. The frame 4 is typically made of a steel plate, plastic or die-cast metal, and it has a 
certain elasticity in the direction of the voice coil displacement axis. Also the front wall of the loudspeaker enclosure 
has some amount of elasticity that typically can be considered to add to the elasticity of the loudspeaker element frame 

45 4 

[0018] As the loudspeaker operates, the electromagnetic force acts on the magnet circuit in the opposite direction 
to the force acting on the voice coil, thus causing the elasticity in the loudspeaker element frame and any elasticity in 
the mechanical attachment to the front wall of the enclosure to create one or more resonances with any mass mechan- 
ically coupled to either of these. Then, the vibrational energy has favourable conditions to become transmitted from 
30 the magnet circuit into enclosure walls, causing them to vibrate. This is not favourable, and this transmission of me- 
chanical vibration energy creates acoustical radiation from the enclosure walls that sum up with the acoustical radiation 
emitted by the loudspeaker element. Hence, the acoustical output is no longer determined by the loudspeaker element 
alone as originally intended, and the quality of the audio output will deteriorate. 

[0019] For a typical loudspeaker, we can find an angular frequency Wq at which the mass of the magnet circuit 
35 displacing the voice coil and any stiffly connected part of the frame will resonate with the elasticity of the frame ‘4. This 
mechanical resonance may be modelled as a lossy mass-spring system. 

[0020] The present invention discloses a method for attaching additional masses to the magnet circuit 7 such that 
the additional masses 1 will resonate with the magnet circuit 7 at frequencies that can be chosen so as to, e g., coincide 
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Wfth the resonant frequency Wq of the magnet circuit-frame system. Furthermore, these frequencies can be chosen to 
be any other frequencies at which the transmission of vibrational energy to the enclosure walls needs to be reduced. 
By a suitable choice of the amounts of additional masses and elasticities of their attachments, it is possible to control 
multiple resonances at multiple frequencies or in overlapping frequency bands. In this way, it is possible to adjust and 
control the efficiency and the effective frequency range of the mechanical vibration reduction. 

[0021] The theoretical background of the invention is as follows. 

[0022] In the following discussion, reference is made to Figure 5(a) depicting one elastically attached additional mass 
(mass m2) that forms a mass-spring system with the magnet circuit m^ and the stiffness of the element frame and 
its losses Ci. The displacement amplitude has a maximum at the resonant frequency of this system. Figure 5 depicts 
a system where a mass m2 with an elasticity k2 and loss factor 03 has been attached elastically to this system. 

[0023] The resonant frequencies of this system of two coupled masses formed in this manner may be adjusted 
suitably by changing the elasticity kg and loss factor Cg to minimize the displacement amplitude at the mechanical 
resonant frequency of the magnet circuit mass mg. 

[0024] Newton's second law of motion 



XF=ma Eq( 1) 

indicates that a system remains at rest If the sum of all forces acting on it are zero. The equations of motion [7] for the 
previous mass system, which is affected by the force of the voice coil F(t), can be written as 

dx. dXp 

A77i — + (Ci + c^) — + (k^ + Fit) Eq(2) 



</ Xg dx^ dx. 

Eq (3) 

[0025] Using an electromechanical analogy where the mechanical force F(t) appears as voltage v(t) and the motional 
velocity dx/dt appears as current i(t), the electromechanical analogy depicted in Figure 5(b) can be formed. 

[0026] Then, the behaviour of the two-mass mechanical system can be analyzed by either using the differential 
equations (Eq 2) and (Eq 3) or using the electrical analogy. In the following, the behaviour of this system is examined 
using the electromechanical analogy. 

[0027] Without an additional mass mg, the mass-spring system m^ formed by the above-described loudspeaker 
magnet circuit will oscillate with velocity v which depends on the angular velocity [6] as 



V = 




Eq (4) 



[0028] When not employing the additional mass mg, the maximum of velocity occurs at a resonant frequency where 
the imaginary part of the denominator becomes zero, whereby the transfer of mechanical energy Is the most efficient. 
The angular frequency of this resonance is 



I Y 




Eq (5) 



[0029] Next, the change of the situation by the use of the additional mass mg is examined. Analysis of the two-mass 
system of Figure 5 using an electromechanical analogy shows that, through adjusting the resonant frequency of the 
additional mass, it is possible to reduce the displacement amplitude of the magnet circuit x^. This resonant frequency 
is determined by the mass mg and the elasticity kg of its attachment, and it is adjusted to be the same as the resonant 
frequency of the magnet circuit. 

[0030] The ability of the additional mass to reduce the motional velocity depends on losses of the elastic attachment 
(component Rg in the electro-mechanical analogy). By adjusting losses to a right level after setting the resonant fre- 
quency to be right by using suitable materials and correct mechanical dimensioning for the elastic attachment, it is 
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possible to reduce mechanical vibrations down to any level and obtain any desired level of vibration attenuation. 
[0031] The ability of the resonator created by the additional mass to absorb kinetic energy of the driver unit is char- 
acterized by the Q-value of the resonance system. It can be shown [6] that the Q-value is 






Eq (6) 



[0032] Equation 6 shows that at the resonant frequency Wq, the Q-value of the resonance and therefore, the ability 
to attenuate mechanical vibrations, depends on the amount of additional mass and the elasticity of its attachment to 
the magnet system. If the loss factor of the elastic attachment remains constant, the desired Q-value can be obtained 
by selecting the right amount of additional mass and right elasticity of the attaching spring. If the additional mass 
remains constant, the amount of losses of the attachment must be reduced as the frequency decreases. 

[0033] Next, an example of determining the parameter values for a practicable embodiment of the present invention 
is discussed. 

[0034] The value of an additional mass according to the invention can be chosen, e g., by measuring with the help 
of an acceleration transducer the resonant frequency of the mass-spring system formed by the magnet circuit and the 
loudspeaker element frame mounted in a loudspeaker enclosure. After the resonant frequency is known, to the magnet 
circuit 7 is attached an additional mass having a weight approximately equal to the mass of the magnet circuit, and 
the measurement is repeated. By using the physical principles explained above, the correct value for the spring constant 
(represented by a correct loss factor and elasticity) and the mass then chosen. 

[0035] An example of a system encountered In the practice of the art is represented by a loudspeaker element having 
a measured resonant angular frequency Wq of 3300 rad/s and the magnet circuit 7 with a mass of 1 .00 kg. In this case, 
the additional mass 1 Is attached by using a spring made of nitrile rubber having a sheet thickness of 4 mm and an 
area of 4.5 cm^. The elasticity of the material is 4.3 MN/m. The amount of additional mass in this case is chosen to be 
0.4 kg. These selections produce effective reduction of vibrations. This example shows how properties of the attachment 
spring affect the amount of the required additional mass, and that the optimum may not be exactly the same mass as 
that creates the mass-resonance system in the loudspeaker, but that the mass does have the same order of magnitude. 
Furthermore, in some cases it is advantageous to divide the additional mass and its attachment spring into subcom- 
ponents. The mass and the elasticity may be varied according to the principles described above to reduce the effect 
of the mechanical resonance Wq down to a desired low level. 



Claims 

1. A method for attenuating mechanical resonances in a loudspeaker comprising resonant structures tuned with and 
attached to said loudspeaker structure, characterized in that 

to the magnet structure (7) or to the parts of the frame (4) closer to the magnet structure of the loudspeaker 
is elastically (3) attached at least one additional mass (1 ), said additional mass having a resonant frequency falling 
at or within an effective range of the resonance of the driver unit (6), of said frame (4) and/or of the enclosure 
mechanically connected to said driver unit or frame. 

2. A method according to claim 1 , characterized in that the total mass of said at least one additional mass (1) is 
selected such that the total mass typically is close to the mass of said magnet circuit (7), with said total additional 
mass usually being between about 0.1 to 10 times the mass of said magnet circuit. 

3. A method according to claim 1 , characterized in that to said magnet structure (7) is elastically coupled said total 
additional mass comprising at least one additional mass and spring structures that are coupled to each other in 
parallel or serial fashion. 

4. A method according to claim 1, characterized in that said additional masses (1) are attached using an elastic 
material, such as 

elastic rubber, plastic or other elastomer, 
a metal spring 
an air spring, or 
any combination of these. 
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S. A method according to claim 1 , characterized in that said elastic attachment (3) of said additional mass comprises 
one or more separate equally elastic or differently elastic, partial springs that can be of the same or of different 
material, said partial springs being coupled to each another either in a serial or in parallel fashion. 

s 6 . An arrangement for attenuating the mechanical resonances of a loudspeaker system comprising 
a sound radiating cone (5), 

a voice coil attached to said sound radiating cone (5), 
the frame (4) of the loudspeaker element. 

- a magnetic circuit (7) coupled to said loudspeaker element frame (4), 

at least one additional mass (1) attached to said loudspeaker element assembly, and 
a loudspeaker enclosure possibly associated with said loudspeaker element, 

characterized in that to the magnet structure (7) or to the parts of the frame (4) closer to the magnet structure 
of the loudspeaker is elastically (3) attached at least one additional mass (1 ), said additional mass having a resonant 
frequency falling at or within an effective range of the resonance of the driver unit (6), of said frame (4) and/or of 
the enclosure mechanically connected to said driver unit or said frame. 



7. An arrangement according to claim 6, characterized in that said additional masses (1) having a mass that is of 
the same order of magnitude as the mass of said magnet circuit (7), where the total mass of said additional masses 
being typically 0.1 to 10 times the mass of said magnet circuit (7). 

8. A system according to patent claim 6, characterized in that said additional masses (1) are attached using an 
elastic material, such as 

25 

elastic rubber, plastic or other elastomer, 
a metal spring 
an air spring, or 
any combination of these 
30 

9. An arrangement according to claim 6, characterized in that said elastic attachment (3) of said additional mass 
comprises one or more separate, equally elastic or differently elastic, partial springs that can be of the same or of 
different material, said partial springs being coupled to each another either in a serial or in parallel fashion. 



35 



10. An arrangement according to claim 6, characterized in that said additional masses (6) are made from a solid 
material. 
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(54) Method and arrangement for attenuating mechanical resonance in a loudspeaker 



(57) The present invention concerns the reduction 
of vibrations of a loudspeaker enclosure caused by the 
mechanical vibrations of the dynamic loudspeaker ele- 
ment by virtue of attaching one or more additional mass- 
es to the loudspeaker driver unit using elastic and lossy 
means. The masses with their elastic attachments di- 
mensioned according to the present Invention resonate 
at frequencies excited by the vibrations of the loud- 
speaker element at frequencies where the reduction of 
the amount of vibration is desired. The magnitude of vi- 
bration coupled to the enclosure of a loudspeaker mod- 
ified according to the present invention is significantly 
smaller than that of a conventional loudspeaker. Fur- 
thermore, it is technically and economically advanta- 
geous to implement the reduction of mechanical vibra- 
tions according to the present invention. 
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